Introduction {#s0001}
============

Visual acuity and refractive error are key components addressed in the management of keratoconic patients due to their potential negative impact on the quality of life of the afflicted individual. Keratoconus (KC) is a pan-corneal, non-inflammatory ectasia affecting the inferior paracentral corneal stroma that leads to a conical-shaped cornea, corneal thinning and irregular astigmatism.[@cit0001],[@cit0002] The onset of the condition is common in the first or second decade of life, progressing until the third or fourth decade before regaining stability.[@cit0003],[@cit0004] The extent of the progression depends on the interplay between the environmental context, genetic factors, time of onset as well as diagnostic and intervention methods used.[@cit0005],[@cit0006]

The prevalence of KC has been reported in multiple countries, including the United States (500 cases per 100,000 people), Japan (9 per 100,000 people), India (2300 per 100,000 people), Israel (2340 per 100,000 people), Macedonia (7 per 100,000 people), Iran (2400 per 100,000 people), the Netherlands (13,300 per 100 000 people), China (27 per 100,000 people) and Egypt (170 per 100 000).[@cit0006] Medical record reviews in clinical-based studies conducted in sub-Saharan Africa suggest a range of 70--300 patients seen over an average period of 5 years.[@cit0007]--[@cit0009] Although there has never been a national prevalence study conducted in Kenya, anecdotal reports from practitioners suggest an increasing incidence. A single facility-based study that analyzed the characteristics of 254 KC cases reported children as young as 6 years-old presenting with clinical signs.[@cit0009] Further, Chen et al[@cit0010] reported KC as the leading cause of corneal transplantation and other surgical interventions in Kenya.

Although the actual cause of keratoconus remains unknown, studies to establish the etiology investigated family history, ethnicity and environmental precipitating factors such as high temperatures and food allergies.[@cit0004],[@cit0011] Cited risk factors include individual gene composition, ultraviolet and sun exposure, eye rubbing, gender, hormonal variation, age, atopy, floppy eyelid syndrome and parental education.[@cit0004],[@cit0006],[@cit0012] In addition, connective tissue disorders such as Ehler-Danlos syndrome, Marfan syndrome, Lonstein disease, Down syndrome and mitral valve prolapse are the most common associated disease conditions.[@cit0006]

There is a huge disparity in access to eye care services, diagnostic equipment and management options between low- and high-income countries.[@cit0013] In low-income settings, the basic clinical equipment employed to diagnose keratoconus largely remains the slit lamp, ophthalmoscope, keratometer and retinoscope. Keratoconus is graded by keratometry readings and the presence of slit-lamp biomicroscopic signs such as corneal thinning, Munson's sign, Fleischer's ring, Vogt striae, corneal hydrops and localized inferior paracentral protrusion.[@cit0014] The retinoscopy signs include a distorted scissor reflex and fluctuating refractive end point while ophthalmoscopic signs include an oil droplet reflex (Charleux sign) and reduced anterior chamber visibility.[@cit0011],[@cit0015] Diagnosing KC has been significantly aided by the introduction of equipment such as corneal topographers and tomographers, used widely in high-income countries to diagnose and manage KC. However, in low-income countries, keratometers still remain the most widely utilized equipment to quantify and grade the abnormal corneal profile in initial diagnosis (values greater than 47 diopters) and to monitor disease progression.[@cit0016]

The more sophisticated equipment possess advanced technological features and algorithms capable of detecting the earliest changes in the corneal structure, determining contact lens parameters, simulating contact lens fit and informing decisions during corneal surgeries.[@cit0017] Sharma et al[@cit0018] reported that the majority of the young population presenting with KC risk factors, such as ocular allergies and frequent eye rubbing, live in tropical regions of sub-Saharan Africa and best practices indicate concurrent investigation for KC. The gold-standard tomographers enable pre-clinical diagnosis, potentially promoting timeous management interventions to delay or prevent the need for surgical interventions. Applying the best practice protocol of early detection to retard disease progression is limited in most developing context practices, as high costs prevent the advanced equipment from being generally available.[@cit0014] Practitioners in these countries still have the ethical and clinical responsibility to utilize available resources to diagnose and manage presenting keratoconic patients.

The treatment of KC is targeted at eliminating irregular refraction on the corneal surface by using spectacle corrections, specialized spherical soft contact lenses, soft toric contact lenses, rigid contact lenses and corneal surgeries.[@cit0019] Spectacles and soft contact lenses may provide sufficient vision in the incipient stage whilst rigid corneal contact lenses become effective in moderate to advanced stages. There is also increasing use of specialized contact lenses such as hybrid and scleral lenses for advanced and severe KC. An ideal preventative strategy, that has become a standard treatment option in high-income countries, involves early detection and timeous management with corneal crosslinking (CXL) to retard progression.[@cit0020] In low-income settings, however, spectacles and corneal rigid gas permeable (RGP) contact lenses are the most commonly prescribed, as specialized lenses and CXL remain unaffordable for most patients.

The low gross domestic product, compounded by competing national priorities such as housing and education, results in national spending on health care being meagre in low-income countries, as compared to high-income settings.[@cit0013] The disparity in economic situations remains a precipitating factor in the varying diagnostic and management strategies employed in eye health care. If one considers the costs of eye care services and appliances as a proportion of the average income, one finds that they are much higher in low as opposed to high-income countries[@cit0021]--[@cit0026] ([Table 1](#t0001){ref-type="table"}).Table 1The Average Income and Economic Spend for Healthcare and Eye Care Costs in the Two Economic SettingsIndicesHigh-Income CountriesLow-Income CountriesAnnual GDP (USD)USD 20 TrillionUSD 75 BillionAverage income per yearUSD 51,000\< USD 6000Percentage Expenditure on health17%6%National expenditure on eye health per yearUSD 150 millionUSD 50 millionCost of corneal cross linking per eyeUSD 4000USD 300Average cost of a specialized RGP lensUSD 1000USD 600Cost of corneal transplant per eyeUSD 13,000USD 5000[^1]

Framed within the low-income practicing context, most practitioners will finalize diagnosis and determine the management plan after conducting a refraction using the retinoscope and trial lens and frame set, taking corneal measurements with a keratometer and examining the eye using a slit lamp biomicroscope. The additional pre-trial lens fitting measurements such as horizontal visible iris diameter, palpebral aperture size, pupil diameter and tear function tests are generally used to determine the corneal RGP contact lenses of first choice, rather than a hybrid or scleral lens. The wide use of corneal RGP lenses as part of the standard fitting protocol is informed by both availability and affordability of these lenses compared to hybrid and scleral lenses.[@cit0009] Practitioners make these choices despite literature indications that they could obtain better comfort, vision and ocular health, in cases of extremely steep corneal contours, if specialized contact lenses are prescribed.[@cit0027],[28](#cit0028) Evidence of the impact of the interventions made by practitioners forced to diagnose and manage KC patients within resource-limited contexts, is however lacking. Hence, the study aimed to determine whether practitioners are able to achieve satisfactory refractive and visual outcomes for their KC patients, noting the limitations in the availability of high technology equipment and costly corrective devices.

Materials and Methods {#s0002}
=====================

Utilizing a quantitative, retrospective chart review design, records of keratoconus patients who attended a specialist contact lens clinic in Nairobi, Kenya over a 5-year period (2014 to 2019) were reviewed. All records of neophyte keratoconus patients who were examined and fitted with RGP or scleral contact lenses and those referred with existing corrections were included. Records of patients with missing data or with a history of corneal surgery, including penetrating keratoplasty (PK), or other active ocular diseases were excluded from the study. Patient demographic information, viz. age, gender, ethnicity and associated clinical conditions were extracted. The clinical diagnosis recorded was based on slit-lamp biomicroscope findings (including apical corneal protrusion, Fleischer's ring, Vogt's striae, stromal thinning) and keratometry measurements. Horizontal and vertical visible iris diameters, pupil diameters and refraction findings were used in contact lens selection and fitting. Study data included pre and post correction refractive errors (objective and subjective), visual acuity (pre and post correction), keratometry readings and type (RGP corneal or scleral) and parameters (diameter, base curve and power) of contact lenses prescribed.

Based on the steepest corneal curvature, keratoconus was classified into mild (K\<45 diopters), moderate (K= 45--52 diopters) or severe (K\>52 diopters).[29](#cit0029) Refractive power was classified in terms of spherical equivalent (SE) in each eye according to the method used by Cumberland et al.[30](#cit0030) Emmetropia was defined as having dioptric power between −0.00 and 0.99 diopters (D). Myopia was classified as low (−1.00 to −2.99D), moderate (−3.00 D to −5.99D) or high (≥ −6.00D) and hypermetropia as mild (+1.00 D to +2.99D) and moderate to high (≥+3.00D).

Statistical Package for the Social Sciences, Version 25 Software (SPSS Inc., Chicago, IL, USA) was used for analyses. Sociodemographic data were summarized using descriptive statistics, while inferential statistics were determined at the significance level of α = 0.05. The test for normality was performed using the Smirnov--Kolmogorov test at the significance level of ∝ = 0.05. To determine the effect of corneal RGP and scleral lenses on refractive error and visual acuity in keratoconic patients, paired sample *t*-tests and Wilcoxon signed-rank test were used for analysis with 95% confidence intervals.

Ethical Consideration {#s0002-s2001}
---------------------

Informed consent to access the records for the retrospective chart review and gatekeeper permission to undertake the study at the study site was applied for and received by the designated clinical facility authority. All patients were de-identified as personal details were not included in the data analysis. Ethical approval was obtained from the Masinde Muliro University of Science and Technology Institutional Ethics Review Committee (MMUST IERC). A research permit was also granted from the National Commission for Science, Technology and Innovation (NACOSTI). The study was conducted in accordance with the tenets of the Helsinki Declaration.

Results {#s0003}
=======

The total number of keratoconic patients who were prescribed contact lenses during the study period was 250. After applying the exclusion criteria, data from 124 patients (195 eyes) were analyzed. The mean age of the patients who presented with KC was 20.86 ± 9.50 years (9--58 years) with 58.9% (73) being males and 41.1% (51) females. Patients with manifested bilateral KC accounted for 57.3% of the sample (71), while 26.6% (33) and 16.1% (20) of patients had KC in the right and left eye, respectively. The majority of the patients were African (91.1%) and the remaining were Asian (8.9%). Most of the patients (74.2%) did not report associated conditions, even though 25.8% (31) were found to have allergy signs. Poor vision was the dominant presenting complaint \[blurred vision (31.5%), general reduced vision (24.2%), pain and reduced vision (8.9%)\]. Other complaints included halos and squinting (16%), contact lens intolerance (12.9%) and prescription change (5.6%). Majority of eyes (92%) had mean K-values above 50 dioptres, which suggested advanced to severe keratoconus. The mean K-reading in the flatter meridian was 50.86±5.86 diopters in the right eye and 50.67±6.27 diopters in the left eye ([Table 2](#t0002){ref-type="table"}).Table 2Keratometric Profile of Patient Eyes (n=195)RangeModeMinimumMaximumMeanStandard DeviationRight eyeFlatter26.3052.0041.5067.8050.865.86Steeper35.1043.7068.8054.686.53Left eyeFlatter35.0054.0034.6069.6050.676.27Steeper33.5034.0067.5053.686.48

Thirteen keratoconic eyes (10.5%) were fitted with scleral contact lenses while 111 (89.5%) received corneal RGP contact lenses. Scleral lenses prescribed were both mini-scleral (diameter 14.5mm to 18mm) and scleral (diameter ≥18.1mm) lens designs. RGP lenses were fitted with a wide range of parameters being prescribed as shown in [Table 3](#t0003){ref-type="table"}.Table 3Scleral and Corneal RGP Lens Parameters Dispensed to Keratoconic PatientsContact Lens ParameterMinimumMaximumModeCorneal lens diameter7.5 mm10.2 mm9.0 mmCorneal lens base curve4.2 mm7.2 mm6.4 mmScleral lenses diameter14.5 mm18.1 mm16.5 mmScleral lenses SAG3500 µm4900 µm4200 µmLens Power (Spherical Equivalent)−8.25D−13.75D−7.50D[^2]

Visual Acuities {#s0003-s2001}
---------------

As shown in [Table 4](#t0004){ref-type="table"}, the maximum unaided visual acuity amongst the 124 patients was 1.0±0.19 logMAR (median: 1.0 logMAR; range: 0.3 to 1.6 logMAR) or 6/60 with none of the patients achieving normal visual acuity (less than 6/9 or 0.20 logMAR). Correction with corneal and scleral RGP contact lenses resulted in improved visual acuity to a mean of 0.18±0.17 (median: 0.18; range: -0.1 to 0.6) or 6/6. Eighty-five patients achieved visual acuity of 0.2 logMAR or 6/9.[Figure 1](#f0001){ref-type="fig"} shows the distribution of unaided (a) and aided (b) visual acuity in keratoconic patients.Table 4Distribution of Patients According to the Severity of Unaided VA and Aided VA When Corrected with Corneal and Scleral RGP Contact LensesVisual Acuity Categories\
Snellen (logMAR)NormalModerateBlindnessSevere Blindness6/6-6/12\
(00--0.1)6/18-6/60\
(0.3--0.5)6/60-3/60\
(1.0 −1.3)3/60-1/60\
(1.3--1.6)Unaided visual acuity1204--Visual acuity with corneal RGP lenses1083----Visual acuity with scleral RGP lenses13------ Figure 1Histogram showing the distribution of unaided (**A**) and aided (**B**) visual acuity in keratoconic patients.

A paired sample *t*-test suggested that there was a significant improvement in the visual acuity of keratoconus patients from unaided visual acuity (*M* = 1.29, *SD* = 0.20) to aided (*M* = 0.19, *SD =* 0.17), after fitting of corneal RGP contact lenses; *t* (110) = 30.66, *p*=0.001. Comparisons for scleral contact lenses were done using the Wilcoxon signed-rank due to the few lenses fitted and the aided visual acuity (Mdn=0.01) was found to be significantly higher than before fitting contact lenses (Mdn=1.06) Z(12)=3.192, *p=*0.01.

Refractive Errors {#s0003-s2002}
-----------------

The mean refractive error (spherical equivalent) before contact lens fitting was −9.43±2.37 diopters (median: −9.00; range: −13.75 to −4.00). The post-fitting uncorrected refractive errors had a mean of = −0.41±0.78 diopters (median: 0.00; range: −3.50D to 3.50D). The majority of patients were high myopes in unaided refraction and approximately neutral refractive errors (plano±0.50) with contact lenses as shown in [Figure 2](#f0002){ref-type="fig"}.Figure 2Histogram showing the distribution of presenting (**A**) and corrected refractive errors (**B**).

There was a significant reduction in the refractive status of the eyes *(M* −0.45721, *SD* = 0.81) following RGP corneal contact lens fitting (M −9.80, SD = 4.46), t (110) = 21.15, *p*=0.001.

The data on scleral RGP lenses were not normally distributed and the Wilcoxon signed-rank test was used for analysis and median values noted. The refractive change after correction with scleral lenses (Mdn=0.02) was statistically significantly higher than before fitting of the contact lenses (Mdn = −8.00), Z(11) =3.00, *p*=0.001 as presented in [Table 5](#t0005){ref-type="table"}.Table 5Patient Distribution According to Severity of Unaided and Aided Refractive Errors (RE) and Mean (Median) Pre and Post Fitting Refractive Error FindingsSeverity of REMean RE Findings (Median)p-valueMyopiaEmmetropiaHyperopiaUnaidedAideda\*b\*c\*e\*f\*----Unaided191140-0RECorneal RGP wearers238--80----−9.80D±4.468−0.457D±0.800.001Scleral RGP wearers------13----(−8.00D)(0.02D)0.001[^3]

Discussion {#s0004}
==========

As healthcare utilization depends on income status, in resource limited contexts, the high cost of eye care services and appliances makes them inaccessible to the average citizen.[@cit0026],[31](#cit0031) The increasing demands for specialized eye care services leads to procurement of more sophisticated diagnostic and management equipment in most middle- and high-income country practices. However, in low-income contexts, utilizing costly, imported gold-standard equipment and associated clinical protocols for conditions such as keratoconus remains out of financial reach of the majority of practices. Plagued by volatile economic climates, lack of local manufacturing capacity and rising import costs associated with high tech, advanced clinical equipment, the majority of optometry practices in low-income countries are forced to practice with basic diagnostic equipment. The results of this study reflect the profile of patients seen within typical low-income practice settings.

The mean age of presentation of patients included in the study was 20.86 years, which is the age where the younger generation typically commence with their productive adult work-life. The study by Toprak et al[@cit0032] suggests that there often exists a delay between the age of onset and presentation for care in KC patients. The age of presentation in our study is similar to studies conducted in Nepal,[@cit0002] Kenya,[@cit0009] Iran[@cit0033] and Malaysia[@cit0034] and slightly lower than studies in Ghana[@cit0007] and South Africa.[@cit0035] The concern with the widespread late presentation is that recent studies indicate that the onset of KC may be as young as 4 years of age[@cit0036] with rapid progression during puberty.[@cit0037] Despite the expected negative impact on education and daily living functions experienced by these young individuals, they continue to endure reduced visual morbidity challenges for many years before seeking care. Possible reasons could include the general lack of access to eye care services, inadequate health worker skills to detect KC and refer children seen at lower levels of the health system and high private consultation and contact lenses costs. Corrective interventions could include an awareness initiative targeted at the high-risk age groups and health worker training in KC screening and referral.

The finding of more males using contact lenses in the study suggests that males are more affected by keratoconus than females, which is similar to findings in many studies.[@cit0007]--[@cit0009],[@cit0038] However, there is currently no consensus as other research revealed higher prevalence in females[@cit0032],[@cit0035] or no significant difference between genders.[@cit0039] The current study could highlight contexts where males are more culturally, academically and economically empowered than females (38), which enables them to more easily access and afford healthcare services.

Most patients (57.3%) had contact lenses fitted in both eyes at initial consultation, although it is commonly known that KC manifests in one eye before the other.[@cit0014] This could mean that patients in this study presented only when the disease progressed to the level where functionality was more seriously affected. The almost similar mean keratometric readings between the right and left eyes at presentation were also found in studies in Ghana and Nepal.[@cit0002],[@cit0007] Unilateral fittings could be due to the inability to afford purchasing both lenses together or forme fruste KC being undetected in the other eye due to a lack of more sophisticated diagnostic equipment as also postulated by Toprak et al.[@cit0032]

The chief complaint of most patients on presentation was blurred vision. This was expected as the symptom of blurred vision was previously cited as the chief presenting complaint amongst KC patients in studies conducted in Kenya.[@cit0009],[@cit0010] However, Doreen et al[@cit0007] reported that the majority of patients in their study in Ghana complained of itching as the chief complaint. In this study, it could be that since patients presented when the KC was at an advanced stage with significant vision reduction, allergic complaints were less debilitating and hence of less concern as compared to reduced vision. Additionally, patients may have visited local clinics and were treated for the allergy without consideration been given to the possible association between allergic conditions such as vernal keratoconjunctivitis (VKC) and KC. It is recommended that training programmes on the association between VKC and KC be designed and implemented at clinic level for early KC detection.

The keratometric values on presentation fell mainly within the advanced and severe disease classification range, as was found in other studies.[@cit0002],[@cit0040] Consequently, the steeper corneal curvatures have negative treatment implications, as the option for interventions to retard the progression of the disease, such as CXL, may no longer be viable. Additionally, the severe KC will require more specialized contact lens designs, which have greater financial implications.

Similar to other studies[@cit0002] conducted in low-income countries, an overwhelming majority of patients were fitted with corneal RGP contact lenses as opposed to scleral contact lenses ([Table 5](#t0005){ref-type="table"}). This mode of correction for patients having advanced and severe KC is in contrast to protocols in developed countries where there is growing usage of scleral contact lenses, cited to provide benefits such as better comfort as compared to corneal lenses.[@cit0028] Cost differentiation could explain the high use of corneal lenses, which average USD250 as compared to scleral lenses which is approximately USD1000. Scleral lenses will therefore be out of the financial reach of the majority in low-income countries, such as Kenya, with an average monthly income of \~ USD500.[@cit0026]

The lens parameters fitted in this study reveal that a practitioner in a low-income context can successfully fit the majority of their patients with a keratoconic fitting lens set with base curves ranging \~4.3 to 7.3mm and just 2 diameter options (9.00mm and 10.2mm) in a range of powers increasing with lens steepness. Noting the financial constraints, purchasing fitting lens sets with commonly utilized parameters will make the practice inventory costs for KC patient management more affordable for the practitioners. Scleral lenses could be procured on an individual basis to manage patients, with the financial means, who have steep corneal curvatures and advanced cone characteristics.[@cit0008]

Visual acuity is one of the most important parameters impacting on the quality of life of keratoconic patients.[@cit0041] Improved visual acuity from blindness classification ([Figure 1A](#f0001){ref-type="fig"}) to normal vision status ([Figure 1B](#f0001){ref-type="fig"}) after RGP contact lens fitting highlights the positive impact of contact lenses as a KC management option. Our study is in agreement with other studies[@cit0002],[@cit0034],[@cit0042]--[@cit0044] that reported consistent visual improvement due to contact lenses management. Patients who used the lower cost corneal RGP contact lenses achieved similar corrected visual acuity as those fitted with scleral lenses. The achievement of 6/6 VA, combined with the financial saving with the RGP corneal lenses, may motivate patients to compromise on the benefit of the initial lens comfort achieved with scleral lenses. The similar visual acuity outcomes between corneal and scleral lenses highlight the ability of both lens designs to mask high amounts of irregular astigmatism in correcting the refractive errors.[@cit0003]

The majority of patients in our study had high myopia and astigmatism (presented as spherical equivalent) progressing to the level of blindness ([Figure 2A](#f0002){ref-type="fig"}). After lens correction, the magnitude of the refractive errors significantly (*p*=0.001) reduced with both corneal and scleral lens designs ([Figure 2B](#f0002){ref-type="fig"}). The neutralizing ability of corneal RGP contact lenses was clearly demonstrated by the emmetropic status achieved by the majority of patients in the study. These results confirm findings from other studies,[@cit0002],[@cit0047] where corneal RGP contact lenses remarkably improved refractive conditions. Schornack et al[@cit0045] demonstrated a dramatic improvement in refractive status among scleral lens wearers, as was found in this small study sample. These patients will also have the additional benefit of better comfort than that provided with corneal lenses.[@cit0046]

The increasing incidence of keratoconus and associated management costs can cause a socio-economic burden to patients, practitioners and governments[@cit0047] in low-income contexts. Despite the limited resources, the results of this study demonstrate that with a basic keratometer, slit lamp, complimentary small measuring devices and limited trial contact lens sets, the majority of KC patients were able to achieve normal visual acuity and emmetropia with their corneal RGP contact lenses. These improvements, comparable to those achieved with more sophisticated and expensive equipment and lens options, will potentially make a markedly positive impact on the daily living functions of KC patients.

Conclusion {#s0005}
==========

Having sophisticated, costly, gold-standard equipment with easily available access to the latest specialized contact lens designs is a practice scenario that young optometrists will hope to find themselves within. However, the reality in most low-income contexts is in stark contrast to this ideal, yet the desire to provide patients with the best possible outcomes remains paramount. Subsequent to the contact lens fitting, the affected children and young adults in this study will be able to engage within their education and work environments with normal visual functional abilities. Corneal RGP contact lenses, the more cost-effective option, can be successfully fitted on the majority of keratoconic patients, aided by the availability of basic diagnostic equipment. The study affirms that despite resource limitations, practitioners can utilize their clinical skills and still achieve life-changing visual outcomes for their keratoconic patients.

Study Limitations {#s0006}
=================

The limited number of scleral contact lenses fitted in our study was the major impediment to more rigorous comparative analysis between the two lens modalities. The nature of our data on scleral lenses further necessitated the use of non-parametric data analysis and median rather than mean values. Patients were sourced through a single referral facility which may not reflect the situation in other low-income countries with multiple referral centers for KC. Moreover, the nature of data collection did not consider patients\' data on comfort which paves the way for future studies.
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[^1]: **Abbreviations:** RGP, rigid gas permeable; USD, United States Dollar.

[^2]: **Abbreviations:** D, diopters; µm, microns.

[^3]: **Notes:** \*Myopia was classified into low (a), moderate (b) and high (c) and hyperopia into mild (e) and moderate to high (f).
